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Background: Central fat mass (CFM) correlates with insulin resistance and increases the risk of type 2 diabetes and cardiovas- 
cular complications; however, peripheral fat mass (PFM) is associated with insulin sensitivity. The aim of this study was to inves- 
tigate the relation of absolute and relative regional adiposity to insulin resistance index and adipokines in type 2 diabetes. 
Methods: Total of 83 overweighted- Korean women with type 2 diabetes were enrolled, and rate constants for plasma glucose 
disappearance (Kitt) and serum adipokines, such as retinol binding protein-4 (RBP4), leptin, and adiponectin, were measured. 
Using dual X-ray absorptiometry, trunk fat mass (in kilograms) was defined as CFM, sum of fat mass on the lower extremities (in 
kilograms) as PFM, and sum of CFM and PFM as total fat mass (TFM). PFM/TFM ratio, CFM/TFM ratio, and PFM/CFM ratio 
were defined as relative adiposity. 

Results: Median age was 55.9 years, mean body mass index 27.2 kg/m^, and mean HbAlc level 7.12±0.84%. Kitt was positively 
associated with PMF/TFM ratio, PMF/CFM ratio, and negatively with CFM/TFM ratio, but was not associated with TFM, PFM, 
or CFM. RBP4 levels also had a significant relationship with PMF/TFM ratio and PMF/CFM ratio. Adiponectin, leptin, and apoli- 
poprotein A levels were related to absolute adiposity, while only adiponectin to relative adiposity. In correlation analysis, Kitt in 
type 2 diabetes was positively related with HbAlc, fasting glucose, RBP4, and free fatty acid. 

Conclusion: These results suggest that increased relative amount of peripheral fat mass may aggravate insuUn resistance in type 
2 diabetes. 
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INTRODUCTION 

Fat accumulation in the human body releases several adipo- 
kines from adipocytes, some of which are known to lead to el- 
evate insulin resistance and to cause metabolic syndrome [1] 
as well as type 2 diabetes [2] . Ford et al. [3] have reported that 
for 1 kilogram of weight gain, the risk of diabetes increases by 
4.5% to 9%. Obesity due to a proUferation of fat tissue not only 
increases insulin resistance, but is also closely related to abnor- 
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mal glucose metabolism [4] . Previous studies have reported 
that a higher body mass index (BMI) results in a higher risk of 
type 2 diabetes [4] ; however, the general pattern of obesity in 
diabetic subjects involves fat accumulation in the abdomen re- 
gardless of sex [5], and such central fat accumulation leads to 
peripheral insulin resistance and increases the risk of cardio- 
vascular complications. Free fatty acids released from abdomi- 
nal fat are known to play a major role in the development of 
such insulin resistance [6] . 
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Several studies have analyzed the association among insulin 
resistance, body fat distribution, and race. In a study by Boutch- 
er et al. [7], a greater amount of trunk fat was associated with 
severity of insulin resistance in Austrian women, while in Chi- 
nese women, insulin resistance was associated with a smaller 
amount of fat in the lower extremities. Trunk fat and fat locat- 
ed in the lower extremities cause separate effects on the me- 
taboUsm of the body. Generally, the former causes metaboUc 
diseases, such as cardiovascular diseases and diabetes, while 
according to previous studies, the latter may exert a preventive 
effect on such metabolic diseases [8,9]. 

Studies on fat distribution and their effects on the body have 
been performed in obese subjects; however, few researches have 
existed about obese subjects with diabetes. Studies by KeUey et 
al. [10] and Kotronen et al [11] have reported more hepatic, 
intestinal, and intramuscular fat and less subcutaneous fat in 
diabetic subjects compared to obese, non-diabetic subjects. In 
other words, fat distribution in diabetic subjects is different 
from that of subjects without diabetes [ 12] . 

Therefore, we have attempted to investigate the specific type 
of body fat distribution related to insuhn resistance and com- 
pute relative adiposity for comparison with body fat distribu- 
tion. We have also investigated the association between body 
fat distribution and adipokines, such as adiponectin, leptin, 
and retinol binding protein-4 (RBP4). 

METHODS 
Subjects 

A total of 83 female subjects with type 2 diabetes who were 
visiting the Diabetes MeUitus Center of Eulji General Hospital 
in Seoul, Korea were recruited for this study. The diagnosis of 
type 2 diabetes was made in accordance with the diagnostic 
criteria set by the World Health Organization (WHO), and 
among the diabetic subjects, overweight subjects with BMIs 
greater than 23 kg/m^ and glycosylated hemoglobin (HbAlc) 
between 5.5% and 10.0% were included. Exclusion criteria in- 
cluded type 1 diabetes and heart diseases, including congestive 
heart failure, uncontrolled arrhythmia, and uncontrolled val- 
vular diseases. Subjects with diseases contraindicating mild 
exercise necessary for glycemic control were also excluded. 

Methods 

Anthropometric and biochemical measurements 

The height, weight, waist circumference, and hip circumfer- 



ence of the subjects were measured at the start of the study. 
Height and weight were measured in light clothing, and BMI 
was calculated by dividing weight (in kilograms) by the square 
of height (in meters). 

For biochemical measurements, venous blood was sampled 
after a minimum of 10 hours of fasting, and the serum was 
separated by centrifuging at 3,000 rpm for 15 minutes. The se- 
rum was stored at -70°C until the time of analysis. Fasting glu- 
cose was measured with the glucose oxidase method, and gly- 
cated albumin was measured using high-performance liquid 
chromatography (HPLC). The maximum value of serum adi- 
pokines was measured with an enzyme-hnked immunosorp- 
tion assay (ELISA) (R&D Systems Inc., Minneapolis, MN, 
USA): the intra- and inter-assay coefficients of variability (CV) 
values were 8.3% and 8.3%, respectively. Serum leptin (intra- 
and inter-assay values of 5.8% and 12.8%, respectively) [13] 
and apolipoprotein A (ApoA) levels were also measured with 
ELISA (American Laboratory Products Company, Windham, 
NH, USA). 

RBP4, a biochemical index used in conjunction with insulin 
resistance, was measured by amphfying the subjects' serum 
samples, which were stored at -70°C, with a radioimmunoas- 
say (RIA) (Phoenix, Belmont, CA, USA): the intra-assay CV 
value was 8% [14]. 

Insulin resistance 

The rate constant for plasma glucose disappearance (Kitt) was 
employed to assess insulin resistance. An insulin tolerance test 
was performed on the subjects after 10 hours of fasting. A 
20-gauge catheter was inserted into a vein in each hand: one to 
sample blood and the other to infuse glucose. The subjects 
rested for 20 to 30 minutes after catheter insertion, and a heat- 
ing pad was used to maintain the temperature of the sampling 
site between 60°C to 70°C. The sample was used to obtain ar- 
teriahzed venous blood. Insulin (Humulin, RI 100 U/mL), di- 
luted by a factor of 100, was administered to the subjects via 
the antebrachial vein, with 1 kg of body weight calculated as 
0.1 U at rest. ArteriaUzed venous blood was sampled at base- 
line, 3, 6, 12, and 15 minutes after insulin administration. To 
prevent hypoglycemic events, 100 mL of 20% glucose solution 
was infused intravenously immediately after venous sampling 
at 15 minutes, and the sampled blood was immediately centri- 
fuged to measure plasma glucose. The plasma glucose level 
measured during the insulin tolerance test was input to a com- 
puter program converting the values into natural log form. 
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and the slope of the regression curve constructed from the 
values measured at 3 and 15 minutes of the insulin tolerance 
test was obtained using SPSS software for Windows version 
17.0 (SPSS Inc., Chicago, IL, USA). The half-life of plasma glu- 
cose, or the time required for reducing baseUne plasma glu- 
cose by half (ti/2) was calculated from the slope of the regres- 
sion curve, and Kitt was obtained by the following equation: 

KiTT= [0.693/ti,2X 100 (%/min)] 

Fat distribution measurement and calculation of total fat 
mass and relative adiposity 

Body fat mass and muscle mass were measured with dual-en- 
ergy X-ray absorptiometry (DXA) (GE Lunar Prodigy; Gen- 
eral Electric Medical Systems, Milwaukee, Wl, USA) to assess 
the obesity type of the subjects. The subjects were lightly clothed 
and were scanned from head to toe while comfortably lying on 
the examination bed-the test required approximately 10 to 20 
minutes to complete. Body composition was divided into body 
fat and body muscle mass, and the values of the whole body, 
arms, legs, and trunk were evaluated. 

The fat mass of the whole body as evaluated by DXA was 
defined as total fat mass (TFM), and the fat distributed at the 
trunk was defined as central fat mass (CFM). In addition, the 
fat mass of the arms and the legs were combined and defined 
as peripheral fat mass (PPM). The indices representing relative 
adipose distribution were derived by obtaining the ratios of 
PPM to TFM, CFM to TFM, and PFM to CFM. 

Data and statistical analysis 

Data were analyzed using SPSS software for Windows version 
17.0 (SPSS Inc.). Data are presented as mean and standard de- 
viation, and log-transformation was employed for variables 
with non-normal distribution. The association between abso- 



Table 1. Baseline characteristics of the study subjects 





Mean 


SD 


Lower limit 


Upper limit 


Adiponectin 


5.68 


2.62 


5.11 


6.25 


Leptin 


11.57 


6.37 


10.18 


12.96 


ApoA 


122.39 


21.70 


117.66 


127.14 


RBP4 


74.24 


28.41 


67.99 


80.48 


hsCRP 


0.24 


0.59 


0.11 


0.37 



SD, standard deviation; ApoA, apolipoprotein A; hsCRP, high sensi- 
tivity C-reactive protein; RBP4, retinol binding protein-4. 



lute and relative adiposity, adipokine levels, such as adiponec- 
tin and leptin, BMI, and insuhn resistance was assessed with 
Pearson's correlation analysis. Statistical significance was de- 
fined as a _P value less than 0.05. 

RESULTS 

Clinical characteristics of study subjects 

A total of 83 subjects were enrolled in this study. The mean age 
of the subjects was 55.93 ±6.85 years, and their mean duration 
of diabetes was 4.6 ±4.63 years. The mean height and weight 
was 156.89 ±4.48 cm and 66.93 ±7.23 kg, respectively, with the 
mean BMI being 27.20 ±2.88 kg/m^. Mean fasting plasma glu- 
cose and HbAlc levels were 132.11 ±23.41 mg/dL and 7.12± 
0.84%, respectively. The mean and standard deviation values 
for adiponectin, leptin, and ApoA were 5.68 ±2.62 |ig/mL, 
11.57±6.37 ng/dL, 122.39 ±21.7 mg/dL, respectively Also, the 
mean high sensitivity C-reactive protein (hsCRP) level was 
0.24±0.59 mg/L, and the mean RBP4 value was found to be 
74.24±28.41 ng/mL (Table 1). 

Association between insulin sensitivity and absolute 
adiposity 

The statistical significance of the association between indices 
of insuhn resistance (Kitt , RBP4) and absolute adiposity indi- 
ces (TFM, CFM, PFM) measured with DXA was examined. 
As shown in Table 2, neither RBP4 levels nor Kitt were signifi- 
cantly associated with TFM, PFM, or CFM (P>0.05). 



Table 2. Correlation between absolute regional adiposity, in- 
sulin sensitivity, and adipokines in type 2 diabetes (absolute 
regional and total fat mass) 





TFM 


PFM 


CFM 




r 


P value 


r 


P value 


r 


P value 


Kitt 


-0.075 


0.492 


-0.043 


0.693 


-0.154 


0.157 


RBP4 


-0.151 


0.176 


-0.214 


0.054 


-0.088 


0.431 


Adiponectin 


0.338 


0.002 


0.524 


< 0.001 


0.165 


0.135 


Leptin 


0.729 


< 0.001 


0.681 


< 0.001 


0.689 


< 0.001 


ApoA 


0.239 


0.029 


0.268 


0.014 


0.193 


0.081 


hsCRP 


0.173 


0.111 


0.094 


0.390 


0.214 


0.048 



TFM, total fat mass; PFM, peripheral fat mass; CFM, central fat mass; 
Kitt, rate constant for plasma glucose disappearance; RBP4, retinol 
binding protein-4; ApoA, apolipoprotein A; hsCRP, high sensitivity 
C-reactive protein. 
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Association between insulin sensitivity and relative 
adiposity 

The association between indices of insulin sensitivity and rela- 
tive adiposity (PFM/TFM ratio, CFM/TFM ratio, PFM/CFM 
ratio) as measured and presented by DXA was also examined. 
RBP4 levels were positively associated with CFM/TFM ratio 
and negatively associated with PFM/TFM ratio and PMF/CFM 
ratio. However, an opposite finding was made with Kitt, where 
we found a positive association with PFM/TFM ratio and 
PMF/CFM ratio, and a negative association with CFM/TFM 
ratio (P<0.05) (Table 3, Fig. 1). 

Table 3. Correlation between relative regional adiposity, insu- 
lin sensitivity, and adipokines in type 2 diabetes 





PFM/TFM ratio 


CFM/TFM ratio 


PFM/CFM ratio 




r 


P value 


r 


P value 


r 


P value 


Kitt 


O.lAl 


0.025 


-0.246 


0.022 


0.224 


0.038 


RBP4 


-0.220 


0.047 


0.217 


0.050 


-0.221 


0.046 


Adiponectin 


0.548 


< 0.001 


-0.566 


<0.001 


0.584 


< 0.001 


Leptin 


0.172 


0.119 


-0.122 


0.273 


0.144 


0.194 


ApoA 


0.179 


0.106 


-0.161 


0.146 


0.150 


0.176 


hsCRP 


-0.089 


0.415 


0.080 


0.462 


-0.095 


0.385 



PFM/TFM ratio, peripheral fat mass/total fat mass; CFM/TFM ratio, 
central fat mass/total fat mass; PFM/CFM ratio, peripheral ratio; Kitt, 
rate constant for plasma glucose disappearance; RBP4, retinol bind- 
ing protein-4; ApoA, apolipoprotein A; hsCRP, high sensitivity C-re- 
active protein. 
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Fig. 1. The relation of insulin resistance to relative adiposity 
and adiponectin. Kitt, rate constant for plasma glucose disap- 
pearance. 



Association among adipokines, body fat distribution, and 
insulin sensitivity 

The association between adipocytokines and absolute and rel- 
ative adiposity indices was investigated. As shown in Table 2, 
adiponectin, leptin, and ApoA levels demonstrated significant 
association with TFM, CFM, and PFM (P< 0.05), but only adi- 
ponectin was significantly associated with indices of relative 
adiposity-PFM/TFM ratio, CFM/TFM ratio, and PFM/CFM 
ratio (P<0.05) (Table 3). 

Factors associated with insulin sensitivity in type 2 diabetes 

Table 4 presents an analysis of variables associated with insulin 
resistance in type 2 diabetes, in which Kitt, a marker of insulin 
resistance, is significantly associated with fasting plasma glu- 
cose and HbAlc levels — both indices related to glycemia — as 
well as with free fatty acid and RBP4 levels (_P<0.05) (Fig. 1). 
On the other hand, levels of other adipokines, such as adipo- 
nectin, leptin, and ApoA, were not significantly associated with 
Kitt (P>0.05). Levels of hsCRP also were not associated with 
Kitt (P= 0.158) (Table 4). 

DISCUSSION 

This study measured the absolute fat mass of various parts of 
the body with the aid of DXA in subjects with type 2 diabetes 
mellitus and calculated relative adiposity, which was defined 
as the ratio of fat mass between body regions. Furthermore, 
the association between these indices and insulin resistance 
and various adipokines was investigated. It was found that RBP4 

Table 4. Correlation between glycemic indices, adipokines, 
and insuhn sensitivity in type 2 diabetes 







Kitt 




r 




P value 


HbAlc 


-0.280 




< 0.001 


Fasting glucose 


-0.227 




0.003 


Free fatty acids 


-0.228 




< 0.001 


RBP4 


-0.164 




0.027 


Adiponectin 


0.113 




0.123 


Leptin 


-0.070 




0.340 


ApoA 


-0.001 




0.993 


hsCRP 


-0.103 




0.158 



Kitt, rate constant for plasma glucose disappearance; HbAlc, glyco- 
sylated hemoglobin; RBP4, retinol binding protein-4; ApoA, apolipo- 
protein A; hsCRP, high sensitivity C-reactive protein. 
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and KiTT values, which are related to insulin resistance, show 
statistically significant associations with PFM/TFM ratio, CFM/ 
TFM ratio, and PFM/CFM ratio, which were calculated to 
demonstrate the relative adiposity of the subjects. In addition, 
levels of adipokines, such as adiponectin, leptin, and ApoA, 
were found to be associated with the absolute fat mass of the 
body regions. 

Previous studies have focused on total fat mass, and have 
argued that obesity resulting from an excessive accumulation 
of fat within the adipose tissue causes functional impairment 
of the adipose tissue, and that adipokines released from adi- 
pose tissue cause insulin resistance, leading to metabolic dis- 
eases, such as type 2 diabetes [15]. However, Yoon et al. [16] 
have compared the prevalence of chronic diseases related to 
insulin resistance, such as metabohc syndrome and type 2 dia- 
betes meUitus, between Asians and Europeans with similar BMIs 
and have found that subjects with BMIs less than 25 kg/m^ 
need to be considered as high-risk for type 2 diabetes or heart 
diseases. This study suggests that understanding metabolic 
syndrome, which causes insulin resistance, not only requires 
knowledge of absolute fat mass in an individual, but also in- 
sight into the relative distribution of fat within the body. In 
Asian countries, including South Korea, a high prevalence of 
metabolic diseases, such as diabetes and hyperlipidemia, has 
been noted in subjects with normal BMI, which strengthens 
the suggestion. Numerous researchers have devised and stud- 
ied various indices to explain this phenomenon, and this study 
incorporated PFM/TFM ratio, CFM/TFM ratio, and PFM/CFM 
ratio to present relative adiposity. 

In a study by Aasen et al. [17], total fat mass, trunk fat mass, 
and leg fat mass were obtained with DXA, from which leg/trunk 
fat mass ratio was calculated and an association between fat 
mass ratio and homeostasis model assessment of insulin resis- 
tance (HOMA-IR) was ultimately drawn. While this study is 
significant in that it used leg/trunk fat mass ratio to investigate 
relative adiposity and link it to insulin resistance, it included 
both pre- and post-menopausal women, overlooking the pos- 
sibility that menopause-related hormonal changes may influ- 
ence insulin resistance. 

This study also analyzed the association between adipokines 
secreted from adipose tissue and absolute and relative adiposi- 
ty. First, it was found that while adiponectin, leptin, and ApoA 
are associated with TFM, CFM, and PFM, they are not related 
to ratios of absolute fat mass, with the exception of adiponec- 
tin, which showed an association with both absolute fat mass 



and fat mass ratios. Leptin and adiponectin, which are gener- 
ally released from adipose tissue, tend to show an increasing 
or decreasing pattern depending on total body fat mass: the 
former is more strongly related to behavior of appetite, while 
adiponectin is more involved with insuUn resistance or glu- 
cose metabolism [18]. These findings may explain the signifi- 
cant association between adiponectin and both total (TFM, 
CFM, PFM) and relative adiposity (fat mass ratios). 

While previous studies [19,20] have found an association 
between adiponectin and insulin resistance, adiponectin was 
found to be unrelated to insulin sensitivity in this study, as 
were other adipokines. The results of preceding studies were 
based on subject groups with simple obesity or metabohc syn- 
drome. Such studies generally define obesity on the basis of 
total fat mass, as does WHO, which may be inadequate in per- 
fectly explaining type 2 diabetes as a metabohc complication 
of obesity. Adiponectin alone does not sufficiently explain the 
problems resulting from diabetes, and new concepts are cur- 
rently being created to overcome the incompleteness; for ex- 
ample, the incorporation of leptin/ adiponectin ratio [1]. 

While RBP4 released from adipocytes is an adipokine re- 
leased from adipocytes [2 1] , it is more strongly associated with 
intestinal fat mass than with total fat mass, and is known to in- 
crease in an elevated insulin resistance setting [22] . Graham et 
al. [23] investigated the relationship between serum RBP4 
concentration and insulin resistance in obese and diabetic 
subjects and found that RBP4 concentrations are strongly as- 
sociated with insuUn resistance in both type 2 diabetic and 
non-diabetic subjects, while also influencing metabolic syn- 
drome and cardiovascular heart disease. Additionally, a study 
on a Chinese population by Jia et al. [14] reported that intesti- 
nal fat, especially in a subject group with abdominal obesity, is 
significantly associated with HOMA-IR regardless of diabetic 
state. In the same study, RBP4 levels were related to the distri- 
bution of fat and contributed to insuhn resistance, causing it to 
become a risk factor for type 2 diabetes mellitus, as well as for 
cardiovascular diseases. 

The aforementioned studies analyzed the relationship be- 
tween RBP4 levels and Kitt or HOMA-IR values, and were 
performed based on the hypothesis that fat accumulation at a 
specific site — especially at the abdomen — leads to insuhn re- 
sistance due to secretion of RBP4 from the accumulated fat, 
ultimately resulting in metabolic syndrome and diabetes mel- 
litus. This study also examined the association between RBP4 
or Kitt values and absolute adiposity (TFM, CFM, PFM) or 
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relative adiposity (PFM/TFM ratio, CFM/TFM ratio, PFM/ 
CFM ratio), and found that significant associations are found 
more frequently in relative fat distribution than in absolute fat 
mass. This result may become the basis for explaining the high 
prevalence of chronic disease in Asian subjects, who usually 
have normal BMIs. This study further developed the idea of 
site-specific fat accumulation leading to metabolic disorders 
and measured PFM/TFM ratio, CFM/TFM ratio, and PFM/ 
CFM ratio in an attempt to determine and assess relative adi- 
posity. These ratios combine central fat, which is associated 
with insulin resistance, and peripheral fat, which is related to 
insulin sensitivity [24] , in a single index, providing an under- 
standing on the relative distribution of fat within the body. A 
study by Kang et al. [25] reported that fat accumulation around 
the pelvis, rather than abdominal or intestinal fat, is associated 
with metabolic diseases in older subjects. However, the indices 
suggested in this study are expected to be a useful in under- 
standing a subject's relative adiposity regardless of his or her age. 

Overall, this study examined whether fat accumulation at a 
certain site in the body is associated with insulin resistance, 
and incorporated the concept of a relative adiposity index to 
confirm the association. As in previous studies, the association 
between total fat mass and adipokines — especially adiponec- 
tin and leptin — has been reconfirmed. Furthermore, this study 
employed ratios of fat mass between different regions of the 
body, and demonstrated statistically significant relationships 
between those ratios and RBP4 or Kitt values, providing evi- 
dence for predicting insulin resistance. Also, the results of this 
study found that when approaching metabolic diseases, such 
as type 2 diabetes, in Asian populations, which has received 
social and economic attention due to the recently increasing 
prevalence, focus needs to be made not on simple fat accumu- 
lation, but on the distribution of fat within the body, and as a 
result, relative adiposity indices should be taken into consider- 
ation. Therefore, when managing chronic patients — for exam- 
ple, patients with metabolic syndrome or type 2 diabetes — at- 
tention may also need to be paid to subjects with normal BMIs 
who demonstrate elevated relative adiposity, and indices such 
as PFM/TFM ratio, CFM/TFM ratio, and PFM/CFM ratio are 
expected to act as a reference for classification of these subject 
groups. 
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